Abstract. Pro-inflammatory cytokines play a key pathogenic role in atherosclerosis, which are induced by the Janus kinase/ signal transducer and activator of transduction (JAK/STAT) pathway. Furthermore, the JAK/STAT pathway is negatively regulated by the suppressor of cytokine signaling (SOCS) proteins. However, the change in SOCS expression levels and the correlation between SOCS expression and cholesterol levels in atherosclerosis is not yet well understood. To this end, a mouse model of atherosclerosis was established using apolipoprotein-deficient (ApoE -/-) mice. The mice were fed either a chow or high-fat diet. The mRNA and protein expression of SOCS1 and SOCS3 in plaque and vessels were determined at different time points. Furthermore, SOCS1 and SOCS3 mRNA expression was detected in the peripheral blood mononuclear cells (PBMCs) obtained from 18 male subjects with no coronary heart disease (non-CHD) population. The expression of SOCS1 in the ApoE -/-mice first increased and then decreased and the high-fat diet accelerated the appearance of the peak; the expression of SOCS3 increased with the increased feeding duration, and this trend was more pronounced in the mice fed the highfat diet. SOCS1/CD68 and SOCS3/CD68 showed opposite trends in expression with the increased duration of the highfat diet. Interleukin-6 (IL-6) expression in the main aorta of the ApoE -/-mice fed the high-fat diet also increased with the increased feeding duration. In the non-CHD population, the total serum cholesterol levels positively correlated with SOCS3 mRNA expression in the PBMCs (r= 0.433, P= 0.012).
Introduction
Atherosclerosis is a chronic inflammatory disease that is associated with a variety of inflammatory cytokines and chemokines that control the balance of pro-inflammation and anti-inflammation (1, 2) . This balance plays a critical role in the prognosis of atherosclerosis. Suppressor of cytokine signaling (SOCS) proteins are intracellular regulators of receptor signal transduction (3) , which mainly regulate the Janus kinase/signal transducer and activator of transduction (JAK/STAT) pathway and play a regulatory role in the expression and activation of interleukin (IL)-6 (4), tumor necrosis factor-α (TNF-α), as well as other inflammatory cytokines (5, 6) .
SOCS protein expression closely correlates with the occurrence and development of inflammatory diseases through the regulation of gene expression and cellular activation, proliferation and differentiation (7) . Previous studies have demonstrated that SOCS1 inhibits inflammation (8) ; SOCS1 reduces acute inflammation by regulating the activity of T cells (9) , and SOCS1 -/-mice suffer from fatal myocarditis (10) . However, the role of SOCS3 remains controversial (11) ; intracellular protein therapy with SOCS3 has been shown to inhibit inflammation and apoptosis (12) . SOCS3 transgenic mice have a Th2 response (13) , while in mice with experimental autoimmune encephalomyelitis, inflammation was attenuated upon the intravenous injection of SOCS3 -/-dentritic cells (14) . In addition, bone marrow-derived macrophages differentiate into the M2 phenotype in SOCS3 -/-rats, even under the conditions of classic activation (15) . Macrophages express different SOCS proteins under various stimulatory conditions. Interferon-γ mainly induces SOCS1 expression (16) and interleukins, such as IL-6 and IL-10, induce SOCS3 expression (17) . In the SOCS protein family, different subtypes play different roles in inflammatory diseases (18, 19) .
Hyperlipidemia, particularly hypercholesterolemia, is the most recognized risk factor for atherosclerosis (20 cholesterol may cause endothelial cell dysfunction on its own or by its chemical modifications, thus affecting the chemotaxis and adhesion of leukocytes and the release of several inflammation-activating cytokines (21) (22) (23) , which further promotes the deposition of cholesterol under the arterial intima. The interaction between cholesterol and inflammation occurs throughout the onset and development of atherosclerosis (24) . However, the mechanisms by which hypercholesterolemia influences SOCS expression and the ensuing effects (i.e., atherosclerosis) remain unclear. Through observations and quantitative analysis of the expression of SOCS1 and SOCS3 in atherosclerotic plaque in apolipoprotein-deficient (ApoE -/-) mice at different intervention time points, this study aimed to clarify the trends and possible mechanisms of action of SOCS1 and SOCS3 proteins in the formation of atherosclerotic plaque following exposure to high cholesterol levels, and to investigate the correlation between blood cholesterol levels and the expression of SOCS1 and SOCS3. The objective of this study was to further clarify the role of SOCS1 and SOCS3 in the occurrence and development of atherosclerosis.
Materials and methods

Animals.
The animal experiments were carried out in accordance with the Guide for the Care and Use of Laboratory Animals published by the US National Institutes of Health (NIH Publication no. 85-23, revised 1996). The ApoE -/-mice were kept under constant temperature conditions (18˚C) with a 12-h light-dark cycle (light from 8:00 a.m. to 8:00 p.m.) and allowed free access to food and water; these mice were a gift from Dr Edward M. Rubin at the University of California, Berkeley (Berkeley, CA, USA). C57BL/6j mice were purchased from the Fourth Military Medical University, Xi'an, China. C57BL/6j and ApoE -/-mice were fed a chow diet (4% fat and 0% cholesterol) after being weaned at 3 weeks of age, then half of the ApoE -/-mice were switched to a high-fat diet containing 21% fat and 0.15% cholesterol from 6 weeks of age. The C57BL/6j mice were sacrificed at 12, 20 and 28 weeks, while the ApoE -/-mice were sacrificed at 12, 16, 20, 24 and 28 weeks (Fig. 1) . The protocols for the experiments (sacrifice, blood and main aorta harvest) were approved by the Institutional Ethics Committee for Animal Experiments of Xi'an Jiaotong University, Xi'an, China and the mice were sacrificed after anesthesia, as previously described (25) .
Clinical trials. Subjects included 18 male patients who were 35-45 years of age and recruited from the First Affiliated Hospital of the Medical College of Xi'an Jiaotong University. Coronary heart disease (CHD) was diagnosed by the American Heart Association (AHA) 2007 criteria (26) . Subjects who were suffering from CHD, hypertension, diabetes, acute or chronic infection, fever, cancer, autoimmune disease, severe liver, kidney or other major organ diseases, had surgery within the last 2 weeks, or were taking anti-inflammatory drugs and/or immune inhibitors during the month preceding the study, were excluded. Informed consent was obtained from all subjects. The study was carried out according to the principles outlined in the Declaration of Helsinki and the study protocol was approved by the Xi'an Jiaotong University Ethics Committee. Peripheral blood mononuclear cells (PBMCs) were separated by density gradient centrifugation with lymphocyte isolation solution (Shanghai Huajing Biotech Co., Shanghai, China) and stored at -80˚C.
Detection of lipid and glucose in serum. Serum was separated by the centrifugation of venous blood from mice and patients at 3,000 rpm for 15 min, and total cholesterol (TC), triglyceride (TG), high-density lipoprotein cholesterol (HDL-C) and lowdensity lipoprotein cholesterol (LDL-C) levels were measured using assay kits (Dongou Bioengineering, Beijing, China) while glucose levels were measured using an Accu-Chek1 Advantage Glucometer (Roche Diagnostics, Inc., Indianapolis, IN, USA), according to the manufacturer's instructions. Each sample was examined 3 times.
Chemical and immunohistochemical staining. The root of the aorta was dissected under a microscope and frozen in optimal cutting temperature embedding medium for serial cryosectioning at 6 mm, covering 500 mm of the root. The first section was harvested when the 3 aortic valve cusps became visible in the lumen of the aorta, and every 5th section was harvested on 1 slide (8 sections/slide). Oil Red O staining was used to detect lipids in the plaque and the sections were analyzed using polarization microscopy. Immunohistochemistry was performed with antibodies against SOCS1 (1:100; Abcam, Cambridge, MA, USA) and SOCS3 (1:50; Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA). Negative controls in the absence of primary antibodies were also used. Section images were captured digitally using an Olympus BX51 imaging system and were quantified with Image-Pro Plus 6.0 software. The crosssectional surface area of the lesion and total cross-sectional vessel area were also quantified, as previously described (27) .
RNA extraction and quantitative PCR. SOCS1 and SOCS3 mRNA expression in the main aorta of the mice and in the PBMCs of patients were determined using quantitative PCR. Total RNA was isolated from the main aorta of the mice and PBMCs of patients with TRIzol reagent (Invitrogen, Carlsbad, CA, USA); the NanoDrop 1000 spectrophotometer (Thermo Scientific) was used to quantify the total RNA. The resulting RNA was reverse transcribed and analyzed by quantitative PCR using the SYBR PrimeScript™ RT-PCR Kit II (Takara Bio, Inc.). All real-time reactions were performed on the iQ5™ Multicolor Real-time PCR detection system (Bio-Rad, Hercules, CA, USA). A three-step PCR procedure of 5 sec at 95˚C, 20 sec at 63.5˚C and 10 sec at 72˚C was applied for 45 cycles. GAPDH was used as a housekeeping gene. The primer sequences are shown in Table I . The data were analyzed using the 2 -ΔΔCT method, as previously described (28) . Each sample was examined 3 times.
Western blot analysis.
Proteins from the main aorta were extracted by RIPA buffer (Cybrdi, Inc.) according to the manufacturer's instructions, and a protease inhibitor cocktail (Roche Diagnostics, Inc.) was added to all samples. The BCA protein assay reagent kit (Pierce) was used to quantify the total amount of protein. Equal amounts of protein extracts were separated by 10% SDS-PAGE gel and then transferred onto nitrocellulose membranes using a Bio-Rad transfer blotting system (Bio-Rad). Skim milk of 5% was used for blocking non-specific binding for 1 h at room temperature with slow shaking. The blots were incubated overnight at 4˚C with anti-SOCS3 (1:500; Santa Cruz Biotechnology, Inc.), anti-SOCS1 (1:500; Abcam) or anti-GAPDH (1:1,000; Santa Cruz Biotechnology, Inc.). A horseradish peroxidase-conjugated anti-goat (1:10,000; Abcam) or anti-rabbit secondary antibody (1:5,000; Abcam) and enhanced chemiluminescent substrate (Pierce) were used for detection, as previously described (29) . Each sample was examined 3 times.
Statistics analysis. Data were expressed as the means ± SD. The Student's t-test or one-way ANOVA were used to analyze the differences among groups. Post hoc comparisons between groups were performed using the Newman-Keuls multiple comparison test. A value of P<0.05 was considered to indicate a statistically significant difference.
Results
General condition of the experimental animals. After being fed with different diets for 6 weeks, the total serum cholesterol levels of the ApoE -/-mice fed a high-fat diet were significantly higher than those of the mice fed the chow diet (2.52-fold) and the C57Bl/6j mice (31.05-fold) (P<0.01); however, the total serum cholesterol levels did not change significantly with the prolonged feeding time in each group. The TG, HDL-C and LDL-C levels in the serum of the ApoE -/-mice were higher than those in the serum of the C57BL/6j mice (P<0.01); however, the ApoE -/-mice with different dietary interventions showed no significant differences in the aforementioned indexes. Body weight increased significantly in each group with the increased feeding duration. No significant difference in serum glucose levels was observed among the groups (Table II) .
Positive Oil Red O staining showed that the atherosclerotic plaque size at the aortic root and lipid deposition in the plaque of the ApoE -/-mice were consistently growing as the feeding duration increased. At 28 weeks, the Oil Red O positive area was 4.33-fold larger than that at 12 weeks in the group fed the chow diet (P<0.05) and 3.62-fold larger in the group fed the high-fat diet (P<0.01). The area of lipid deposit in the atherosclerotic plaque in the group fed the high-fat diet was larger than that in the group fed the chow diet in ApoE -/-mice of the same age (Fig. 2) . Trend in SOCS1 expression in the ApoE -/-mice. The results of immunohistochemical staining revealed that in the group fed the chow diet, SOCS1 expression in the plaque at the aortic root of the ApoE -/-mice showed an increasing trend first (eventually peaking at 24 weeks) and then decreased as the feeding duration increased (P<0.05). The same single peak trend appeared earlier in the group fed the high-fat diet at 20 weeks (P<0.05) (Fig. 3A, B and E) . Surprisingly, the results of the real-time PCR and western blot analyses after the extraction of RNA and protein levels showed a similar trend in the expression of SOCS1 in the animals fed the different diets. In the group fed the chow diet, the SOCS1 protein expression level was 11.85-fold higher and the mRNA expression level was 3.68-fold higher at 24 weeks than at 12 weeks (P<0.01) ( Fig. 4A and B) . In the group fed the high-fat diet, the SOCS1 protein expression level was 4.32-fold higher and the mRNA expression level was 2.02-fold higher at 20 weeks than at 12 weeks (P<0.01) (Fig. 4C) .
Upregulation of SOCS3 in the ApoE
-/-mice. SOCS1 and SOCS3 belong to the SOCS family of proteins. To confirm whether they have the same expression tendency in ApoE -/-mice, we also detected the SOCS3 mRNA and protein level. Immunohistochemical staining showed that in the groups fed the chow and high-fat diet, the SOCS3-positive areas within the plaque of the ApoE -/-mice were enlarged with the increased feeding duration. The results of the real-time PCR and western blot analyses were consistent with the immunohistochemical results. The expression of SOCS3 mRNA and protein in the aorta of the ApoE -/-mice increased significantly after 20 weeks, regardless of the type of diet, and at 28 weeks, the expression of SOCS3 mRNA had significantly increased (P<0.01) (Figs. 3C, D and F and Fig. 4) . At the same time point, the SOCS3 expression level was higher in the group fed the high-fat diet than in the group fed the chow diet. The differential expression of SOCS1 and SOCS3 suggests that they play different roles in atherosclerosis.
Expression levels of SOCS1 and SOCS3 in the aorta of C57Bl/6j mice. ApoE -/-mice are used in classic animal models of atherosclerosis, due to hyperlipidemia. We also used a wild-type control to identify the correlation between blood lipids and inflammatory cytokines. No formation of plaque was found in the aortic root in the C57Bl/6j mice of different ages in the group fed the chow diet (12, 20 and 28 weeks), and Oil Red O staining displayed no lipid deposition (data not shown). Immunohistochemical staining showed that the expression of SOCS1 and SOCS3 at the aortic root of C57Bl/6j mice of different ages was very limited (Fig. 5A) . Real-time PCR conducted with RNA extracted from the aorta of C57Bl/6j mice revealed that the SOCS1 and SOCS3 expression level was 22% and 9% in the ApoE -/-mice in the group fed the chow diet at 12 weeks, respectively (P<0.01) (Fig. 5B) .
SOCS1/CD68 and SOCS3/CD68
show opposite trends in expression with the increasing feeding duration of the high-fat diet. As SOCS proteins are expressed in several cell types but mainly in macrophages, which induce the majority of inflammatory cytokines in disease, we detected the ratio of SOCS1/3 and macrophages (CD68) to clarify the contribution of macrophages Table II . Subject characteristics. ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- in disease progression. According to the immunohistochemical staining results of the ApoE -/-mice fed the high-fat diet, the CD68-positive area in the aortic root plaque increased in size as the feeding period increased, and the ratio of the SOCS1/CD68 stained areas decreased gradually over time (from 0.68±0.32 at 12 weeks to 0.39±0.21 at 28 weeks, P<0.05). The ratio of the stained area of SOCS3/CD68 showed an inverse trend as compared to SOCS1 (0.56±0.32 at 12 weeks to 0.73±0.42 at 28 weeks, P<0.05) (Fig. 5C) . These results suggest that SOCS1 and SOCS3 play different roles in disease progression.
Expression of inflammatory cytokines in vascular tissue of ApoE
-/-mice. It is well known that SOCS protein expression correlates with the expression of inflammatory cytokines. To confirm whether a correlation exists between SOCS3 and IL-6 expression in atherosclerosis, as shown in other diseases, we detected the expression levels of a number of inflammatory cytokines. As the high-fat diet feeding duration increased, the expression levels of IL-6 mRNA in the aorta of the ApoE -/-mice increased continuously (the expression levels at 28 weeks were 40.64-fold higher than those at 12 weeks), whereas no change in the mRNA expression of TNF-α was observed ( Fig. 5D and E) .
Positive correlation between total serum cholesterol levels and SOCS3 mRNA expression in PBMCs of the non-CHD population. To confirm our above results, we also investigated the correlation between SOCS expression and cholesterol levels in humans. In the PBMCs of the non-CHD population (n=18, males, 35-45 years of age), a positive correlation was observed between the total serum cholesterol levels and SOCS3 mRNA expression (r= 0.433, P= 0.012) (Fig. 6) . However, no correlation was observed between the total serum cholesterol levels and the expression of SOCS1 mRNA in the PBMCs (r=0.061, P=0.45). Further analysis revealed no correlation between the expression of SOCS1 and SOCS3 mRNA, age, body mass index (BMI) and other factors (P>0.05) (data not shown).
Discussion
In the present study, we investigated SOCS1 and SOCS3 expression in ApoE -/-mice exposed to high levels of cholesterol for increasing periods of time. SOCS1 expression showed a single peak change, whereas SOCS3 expression showed a continuous increase. In the animals exposed to different levels of cholesterol, high cholesterol levels increased SOCS1 and SOCS3 expression in ApoE -/-mice of the same age but had no effect on the respective change oinf SOCS1 and SOCS3 expression with the increased feeding duration. IL-6 expression in the aortas of the ApoE -/-mice increased with the increase in SOCS3 expression. In addition, SOCS3 mRNA expression positively correlated with cholesterol levels in the non-CHD population. In conclusion, SOCS1 and SOCS3 expression differ in ApoE -/-mice with the progression of the disease and SOCS3 may play a pro-atherosclerotic role.
In this study, the trend in SOCS1 and SOCS3 expression, which was similar to that shown in the study by Tang et al (30) , demonstrated that although these 2 proteins belong to the SOCS family, they play opposing roles in the initiation and development of atherosclerosis. According to previous studies, the existence of the SH2 domain in the SOCS protein family may compete with JAK to bind STAT, thus inhibiting the phosphorylation of STAT and subsequent inflammatory response (31) . As a result, studies on the SOCS protein family have focused on inflammatory disease or a variety of inflammatory pathways (32) . Previous studies have demonstrated a consistent view on the role of SOCS1 (33) , which has been shown to inhibit the progression of inflammatory disease. However, the role of SOCS3 remains controversial, as described in the Introduction. The trend in the expression of SOCS1 which exerts an anti-inflammation effect was consistent with that of pathophysiological processes. Although the role of SOCS3 in atherosclerosis remains controversial, the results of this study revealed that SOCS3 may play the following roles in atherosclerosis: i) SOCS3 may exert a pro-inflammatory effect, which is consistent with the progression of the disease; its expression increased with increasing cholesterol levels and the prolonged feeding duration; ii) SOCS3 may play multiple roles in atherosclerosis and other inflammatory diseases; in various types of inflammatory diseases, the reflected net effect may differ or involve a more complex mechanism of immune regulation; thus, its role cannot simply be explained as a balance of anti-inflammation and pro-inflammation; iii) SOCS3 is expressed during the late stages of atherosclerotic lesions, indicating that it plays an important role in the late stages of the disease and may play a crucial role in maintaining plaque stability, which requires further validation studies; and iv) SOCS3 expression may be subjected to the regulation of other inflammatory factors during the progression of atherosclerosis. When the pro-inflammatory/ anti-inflammatory balance tilted in favor of pro-inflammation, the expression of SOCS3 also increased. In the long process of the onset and development of human atherosclerosis, immune- inflammatory mechanisms play an important role, and both pro-inflammatory and anti-inflammatory factors are present in this complex network (34) . Overall, SOCS proteins ultimately inhibit the progression of inflammation by inhibiting the phosphorylation of STAT, and the JAK/STAT pathway influences the progression of atherosclerosis. Based on the results obtained in this study, we hypothesized that SOCS1 and SOCS3, through changes in their expression, affect the downstream signaling pathway, thus influencing the development of atherosclerosis. Upon exposure to high cholesterol levels, these 2 factors show differential expression patterns, suggesting that during the development of atherosclerosis, SOCS1 and SOCS3 may play different roles in addition to the common mechanisms of SOCS proteins (i.e., SOCS1 has a clear anti-inflammatory effect while SOCS3 may play a pro-inflammatory role).
The SOCS protein family is mainly expressed in activated macrophages (3), and under the induction of high cholesterol, the number of macrophages in the atherosclerotic plaque of ApoE -/-mice continuously increased. Descriptive studies on cholesterol and SOCS expression in disease are limited. During the prolonged high cholesterol exposure in our study, the differential expression of SOCS1 and SOCS3 was independent of the changes in the number of macrophages. The expression of anti-inflammatory SOCS1 per macrophage decreased with the increase in the exposure time to high cholesterol levels, while an opposite trend was observed with SOCS3. The difference in the expression trends of these 2 proteins further suggests that the 2 proteins play different roles in the occurrence and development of atherosclerosis. If these 2 factors antagonize each other, then the expression of SOCS1, with anti-inflammatory effects, would gradually decrease, while that of SOCS3, which may have pro-inflammatory effects, would steadily increase in line with the accelerated disease process. These different trends were mainly observed in the differential expression patterns of these 2 proteins in plaque.
In the C57Bl/6j mice of the control group, the expression of SOCS1 and SOCS3 in the aorta remained low, and no plaque was generated, regardless of the age of the mice. In the ApoE -/-mice, even when those fed a normal diet, the total serum cholesterol level was 10-fold higher than that in the C57Bl/6j mice; when the ApoE -/-mice were fed the high-fat diet, their plasma cholesterol level increased by >29-fold compared to the C57Bl/6j mice. This indicates that high cholesterol is not only an important factor leading to the generation of atherosclerotic plaque, but also an important condition that induces the expression of SOCS1 and SOCS3 proteins. This also indicates that the changes in SOCS1 and SOCS3 expression over time are related to the exposure to a high-fat diet as opposed to age. Hypercholesterolemia plays a crucial role in the occurrence and development of atherosclerosis, promotes subintimal lipid deposition, and this metabolic disorder also contributes to immune-inflammatory response changes in the body. The change in the metabolic level, represented by high levels of cholesterol, affects a variety of cytokines and chemotactic proteins that are involved in the inflammatory response and alters the inflammatory network equilibrium, which affects the speed of subendocardial lipid deposition through the inflammatory cascade reaction. SOCS1 and SOCS3 are one link in the aforementioned inflammatory network, through which a high-fat diet can affect the progress of disease development; therefore, it is important to clarify the role of SOCS proteins in atherosclerosis. In addition, in non-CHD human populations, we observed that SOCS3 mRNA expression in PBMCs positively correlated with total serum cholesterol levels, which further suggests that a high-fat diet is an important factor in the induction of SOCS3 protein expression. With the increase in cholesterol levels, the expression of SOCS3 also increased. In the circulation, SOCS3 mRNA could only be observed in the PBMCs when the cholesterol reached a certain level (~100 mg/dl). We can therefore hypothesize that the SOCS3 protein, as a pro-inflammatory cytokine, may mediate inflammatory activation in response to high cholesterol levels; that is, high cholesterol plays a role in pro-inflammation by stimulating SOCS3 expression. This theory has never been mentioned in previous studies. There was no correlation observed between SOCS1, cholesterol and TG in our human study population, which was consistent with our findings in the animal experiments; the effect of a high-fat diet on SOCS1 expression cannot be summarized using a single linear correlation.
When analyzing mouse aortic RNA, we found that the mRNA expression levels of IL-6 but not those of TNF-α significantly increased when the mice were exposed to high cholesterol levels. The expression of IL-6, a pro-inflammatory cytokine thought to be most closely associated with chronic inflammation caused by metabolic abnormalities, was increased continuously with prolonged exposure to high cholesterol. This change in the expression levels of this indicator suggests that as the effect of hypercholesterolemia accumulated, vascular inflammation also increased. Together with our observation of SOCS3, this suggests that the SOCS3 protein in ApoE -/-mice with atherosclerosis may be regulated by the induction of IL-6 in the disease. Li et al (35) found that free cholesterol-loaded mouse peritoneal macrophages are an abundant resource of TNF-α and IL-6. In addition, Frisdal et al (36) showed that lipid loading in human macrophages was accompanied by a strong increase of IL-6 secretion, followed by the activation of the JAK2/STAT3 signaling pathway by IL-6 to reduce lipid accumulation. Taking into account our results, as well as those of the above studies, we hypothesized that the high level of cholesterol increased IL-6 expression, subsequently activating JAK2/STAT3. In addition, SOCS3, as a classic negative regulator of JAK2/STAT3, was upregulated with the progression of inflammation aggravated by hyperlipidemia.
By examining the changes in aortic SOCS1 and SOCS3 expression in ApoE -/-mouse models exposed to high cholesterol for different lengths of time, this study observed the differential expression patterns of SOCS1 and SOCS3 in plaque. These results suggest that SOCS1 and SOCS3 play different roles in the development of atherosclerosis in ApoE -/-mice. SOCS3 induced by IL-6 upregulated during hyperlipidemia, may promote the development of atherosclerosis. It is of great importance that we clarify the specific mechanisms of action of SOCS proteins in atherosclerosis.
